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Claims Status 

Claims 1-28 are as originally submitted. 

Examiner's Comments 

There appears to be a typographical error on page 15 of the specification. On 
line 16 the reactor is referred to as Reactor 30, however 30 has not been used as a 
callout on the drawings. For examination purposes this has been assumed to be 
Reactor 26 (see figure 1). 

DETAILED ACTION 
Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351(a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21(2) 
of such treaty in the English language. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 
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The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 

Claim 1. 4, 14 and 28 are rejected under 35 U.S.C. 102(e) as anticipated by or, in 
the alternative, under 35 U.S.C. 103(a) as obvious over Flemings et al. (U.S. Pat. No. 
6,645,323). 

With respect to claims 1 and 28 , Flemings et al. discloses a process for preparing 
a metal alloy wherein the alloy is melted (rendered liquid) then rapidly cooled while 
vigorously agitating (abstract). Examples are provided of producing an aluminum alloy 
with a non-dendritic structure by superheating to slightly above the liquidus, then cooling 
while stirring, rapidly decreasing the melt temperature and resulting in copious 



Application/Control Number: 10/668,668 Page 4 

Art Unit: 1742 

nucleation (examples 1a and 1b, col. 6 line 50 - col. 8 line 17). Since the solids are 
substantially free of eutectic metal compositions (col. 4 lines 1-10), either: 

a) It is inherent that essentially all of the said nuclei are substantially free 
of "entrapped liquid"; or, in the alternative, 

b) A person of ordinary skill in the art at the time the invention was made 
would expect that if the solids were substantially free of eutectic metal 
compositions, the nuclei would be substantially free of entrapped 
liquids. 

The nucleated alloy is vigorously agitated while being cooled in a manner such 
that the solid nuclei are distributed throughout the metal liquid alloy (col. 4 lines 35-67). 
The resulting cooled composition is essentially spheroidial as opposed to dendritic and 
essentially free of eutectic metal alloy composition (col. 3 lines 1-15 and col. 4 lines 5- 
23). 

With respect to claim 4 . the process is suitable for alloys with lead, magnesium, 
zinc, aluminum, copper, iron, carbon (cast iron and steels), silicon, and tin (col. 6 lines 
34-45). 

With respect to claim 14 . Flemings et al. discloses an example wherein a melt is 
slowly cooled to a temperature of 7 °C above its liquidus prior to beginning the mixing 
and cooling (example 1a, col. 6 lines 50-67). 7 °C is within the claimed range of at least 
about 5 °C above the liquidus temperature. 

Claims 18-21 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Flemings et al. (U.S. Pat. No. 6,645,323). 
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Flemings et al. discloses a process for superheating an alloy, cooling and mixing 
the alloy to form a nucleated alloy with a plurality of nuclei distributed throughout, 
wherein the nuclei are substantially free of entrapped liquid, controlling the temperature 
to prevent melting of the nuclei and thereby forming an alloy essentially free of dendrites 
as described above regarding claim 1. 

With respect to claims 18-20 . Flemings et al. discloses that the composition is 
cooled to an upper limit of about 40 to 65% solids, preferably 10 to 50% prior to 
directing to a forming step such as casting (col. 5 lines 1-15) as in instant claim 18. The 
range of 10% to 50% overlaps the claimed ranges of at least 30% (instant claim 19) and 
between about 40 to about 60% (instant claim 20). It would have been obvious to one 
of ordinary skill in the art at the time the invention was made to direct the semi-solid 
alloy to forming with a solids volume fraction of between 40 and 50%, since Flemings et 
al. discloses that the preferred range is between 10 and 50%. 

With respect to claim 21 . Flemings et al. discloses a process for superheating an 
alloy, cooling and mixing the alloy to form a nucleated alloy with a plurality of nuclei 
distributed throughout, and the nuclei are substantially free of entrapped liquid, 
controlling the temperature to prevent melting of the nuclei and thereby forming an alloy 
essentially free of dendrites as described above regarding claim 1 . In addition, 
Flemings et al. discloses a method for making the process continuous in a sub-vessel 
(reactor) while continuously cooling. Crystal nuclei form in a second sub-vessel 
(reactor) whereupon the liquid-solid composition is withdrawn as in claim 21 , and can be 
shaped directly or solidified and reheated to form (col. 8 line 55 - col. 9 line 3). Further, 
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making a process a continuous is prima facie obvious in the light of a batch process 
taught by prior art (see M.P.E.P. 2144.04 V E). 

Claims 2. 3. 5. 7. 8. 10-12. 15 and 16 are rejected under 35 U.S.C. 103(a) as 
being unpatentable over Flemings et al. (U.S. Pat. No. 6,645,323) as applied to claim 1 
above and further in view of Adachi et al. (U.S. Pat. No. 5,701 ,942). 

Flemings et al. discloses a process for superheating an alloy, cooling and mixing 
the alloy to form a nucleated alloy with a plurality of nuclei distributed throughout, 
wherein the nuclei are substantially free of entrapped liquid, controlling the temperature 
to prevent melting of the nuclei and thereby forming an alloy essentially free of dendrites 
as described above regarding claim 1 . 

With respect to claims 2 and 3 , Flemings et al. does not disclose that the alloy is 
cooled at a rate of at least 15 °C/sec as in instant claim 2 or that the cooling rate is in 
the range of about 20 to 30 °C/sec as in instant claim 3. 

Adachi et al. discloses a method for casting an aluminum or magnesium alloy by 
superheating the alloy to not more than 30 °C. The liquid is then rapidly cooled at a rate 
of at least 1 .0 °C/sec to form a billet (abstract). As the cooling rate increases, the size 
of crystal grains decrease up to an experimental cooling rate of as high as 500 °C/sec, 
however Adachi et al. teaches that the cooling rate should not exceed 100 °C/sec as a 
practical limit (col. 4 lines 58-65). It would have been obvious to one of ordinary skill in 
the art at the time the invention was made to cool the alloy from superheat at a rate of at 
least 15 °C/sec or in a range of about 20 to 30 °C/sec as taught by Adachi et al. in the 
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process of Flemings et al. to produce small size grains within practical limits of cooling 
rate as taught by Adachi et al. 

With respect to claims 5 and 16 , Flemings et al. discloses that the alloy can be 
further processed by forming from the liquid melt or by solidification then reheat to form 
as discussed above regarding claim 1. 

Flemings et al. does not disclose a process step for forming in a specific 
thixocasting or rheocasting application as in instant claim 5, or that a billet is formed as 
in instant claim 16. 

Adachi et al. discloses both a rheocasting and a thixocasting application (Figure 
1) in that the melt is first superheated then cooled to room temperature (rheocast) 
before reheating in the region between solidus and liquidus and casting (thixocast). 
With respect to claim 16, Adachi et al. discloses forming a billet from the alloy (abstract). 
The process produces a billet of fine equiaxed crystals using a simple procedure (col. 2 
lines 20-30). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to form a billet in the thixocasting process of Adachi et al. with the 
alloy of Flemings et al., since Flemings et al. teaches that the alloy can be processed by 
solidification of the alloy and Adachi et al. teaches that this is a simple process for 
producing a billet of fine equiaxed crystals. 

With respect to claims 7. 8. and 10-12 , Flemings et al. does not teach that the 
primary particle size is about 100 urn or less as in instant claim 7 or about 70 microns or 
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less as in instant claim 8, that the alloy is quenched as in instant claim 10 or the use of 
aluminum or titanium borides as grain refiners as in instant claims 11 and 12. 

Adachi et al. discloses an alloy with crystal grain size 50 urn resulting from using 
a Ti-B grain refiner and water quenching (col. 1 1 lines 35-40 and Fig. 15). The value of 
50 urn falls within the ranges of about 100 urn or less (instant claim 7), about 70 urn or 
less (instant claim 8) and was achieved using a grain-refining agent (instant claim 11) 
wherein the grain refining agent was a boride of titanium (instant claim 12) and 
quenched in a cold water tank (instant claim 10). It would have been obvious to one of 
ordinary skill in the art at the time the invention was made to use grain refiners and 
quenching as taught by Adachi et al. with the alloy of Flemings et al. to produce a fine 
grained casting with a crystal grain size of 50 urn as taught by Adachi et al. 

With respect to claim 15 . Flemings et al. does not teach that the alloy is 
superheated to a temperature in the range between about 10 and 15 °C 

Adachi et al. discloses that the superheated alloy is heated to a temperature not 
more than 30 °C above the liquidus to obtain fine equiaxed crystals (col. 6 lines 24-35). 
The range of not more than 30 °C superheat overlaps with the claimed range of about 
10 to about 15 °C. It would have been obvious to one of ordinary skill in the art at the 
time the invention was made to superheat the melt by about 1 0 to 1 5 °C above the 
liquidus, in the process of Flemings et al. in view Adachi et al. to obtain fine equiaxed 
crystals as taught by Adachi et al., since Adachi et al. teaches that any superheat not 
more than 30 °C is suitable for producing fine equiaxed crystals. 
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Claims 5. 6 and 22 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Flemings et al. (U.S. Pat. No. 6,645,323) as applied to claim 1 above and further in 
view of Moschini (U.S. Pat. No. 5,464,053). 

Flemings et al. discloses a process for superheating an alloy, cooling and mixing 
the alloy to form a nucleated alloy with a plurality of nuclei distributed throughout, 
wherein the nuclei are substantially free of entrapped liquid, controlling the temperature 
to prevent melting of the nuclei, cooling the nucleated alloy and thereby forming an alloy 
essentially free of dendrites as described above regarding claim 1 . 

With respect to claims 5. 6. and 22 Flemings et al. discloses that the alloy can be 
further processed by forming from the liquid melt or by solidification then reheat to form 
as discussed above regarding claim 1 . 

Flemings et al. does not disclose a process step for forming in a specific 
thixocasting or rheocasting application as in instant claim 5, or that the process includes 
passive mixing as in instant claims 6 and 22. 

Moschini discloses a process for forming rheocast ingots by smelting a metal 
alloy and feeding the alloy under laminar flow conditions through a static mixer so as to 
obtain a semiliquid rheocast material at the outlet of the mixer (col. 5 lines 55-67). 
Feeding under laminar flow conditions prevents gaseous substances from being 
incorporated into the molten alloy (col. 5 lines 25-40). It would have been obvious to 
one of ordinary skill in the art at the time the invention was made to use the static mixing 
rheocast method of Moschini with the alloy of Flemings et al., since Flemings et al. 
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discloses that the alloy can be further processed by forming the liquid melt and the 
static mixing method of Moschini prevents gas inclusions in the molten alloy. 

Claim 9 is rejected under 35 U.S.C. 103(a) as being unpatentable over Flemings 
et al. (U.S. Pat. No. 6,645,323) in view of Martinez et al. ("Efficient Formation of 
Structures Suitable for Semi-Solid Forming", Transactions 21 st International Die Casting 
Congress & Exposition, October 29-Nov. 1, 2001). 

Flemings et al. discloses a process for superheating an alloy, cooling and mixing 
the alloy to form a nucleated alloy with a plurality of nuclei distributed throughout, 
wherein the nuclei are substantially free of entrapped liquid, controlling the temperature 
to prevent melting of the nuclei, cooling the nucleated alloy and thereby forming an alloy 
essentially free of dendrites as described above regarding claim 1 . 

' Flemings et al. does not disclose that the shape factor is in the range of about 
0.75 to 0.95. 

Martinez et al. discloses the results of testing the effect of varying stirring time 
and speed (rpm) upon shape factors (abstract, p. 47), wherein each of the stirring time 
and speed were varied (pp. 48-49). The results indicate that shape factors of between 
0.75 and 0.95 are achieved (figures 8 and 9) and that increasing stirring speed results in 
greater sphericity (fig. 9 and p. 49, conclusions). Stirring speed is therefore recognized 
as result-effective variable in the art, which is varied to affect the sphericity and 
therefore the calculated shape factor of the grains of alloys produced in semi-solid 
forming methods. It would have been obvious to one of ordinary skill in the art at the 
time the invention was made to adjust the stirring speed as taught by Martinez et al. in 
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the process of Flemings et al. to achieve a shape factor in the range of 0.75 to 0.95 as 
disclosed by Martinez et al. (see M.P.E.P 2144.05, II, B). 

Claims 23-27 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
EP 0 745 694 (EP '694) in view of Flemings et al. (U.S. Pat. No. 6,645,323). 

EP '694 discloses a method and apparatus for semisolid forming of alloys with 
fine-grained spherical structures in a convenient, easy and inexpensive manner 
(abstract). EP '694 provides and example (example 13 and Fig. 70) wherein two or 
more liquid alloys having different melting points are heated above the liquidus, then 
mixed either directly or within an insulated vessel having a heat insulating effect to 
generate crystal nuclei in the alloy solution. The alloy resulting from mixing MA and MB 
is designated MC, and mixing is such that the resulting temperature is above the 
liquidus of MC (i.e. superheated). Crystal nuclei generated grow into non-dendritic 
primary crystals (pp. 48-51). 

EP '694 does not disclose that the nuclei are essentially free of entrapped liquid 
as in instant claim 23 . 

Flemings et al. discloses a process for superheating an alloy, cooling and mixing 
the alloy to form a nucleated alloy with a plurality of nuclei distributed throughout, 
wherein the nuclei are substantially free of entrapped liquid, controlling the temperature 
to prevent melting of the nuclei, cooling the nucleated alloy and thereby forming an alloy 
essentially free of dendrites as described above regarding claim 1. It would have been 
obvious to one of ordinary skill in the art at the time the invention was made to 
incorporate the mixing and cooling steps of Flemings et al. into the mixed alloy casting 
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process of EP '694 to produce an alloy with nuclei substantially free of entrapped liquid 
as taught by Flemings et al. 

With respect to claim 24 , lacking any limitation on "dissimilar composition", the 
alloys mixed in EP '694 are dissimilar in that they are not the same alloy and have 
different melting temperatures (footnote 3 of Table 9, page 50). 

With respect to claim 25 . the two metal alloys in example 13 of EP '694 are 
heated to nonequal temperatures as shown on Table 9 wherein two alloys have 
different melting points but are heated to the same degree of superheat (footnotes 2 
and 3, Table 9, page 50). 

With respect to claims 26 and 27 . the melting points two metal alloys in example 
13 of EP '694 are 20 degrees apart (footnote 3, p. 50). Assuming the "first metal" is the 
higher melting point metal, the superheat is given in Table 9 as ranging from 0 to 15 °C 
superheat, which would be within the range of between about 1°C and 50 °C superheat 
above the liquidus temperature of the lower melting point second metal as in instant 
claim 26. The superheat of the second metal is given as between 1 and 20 °C 
superheat (p. 50 Table 9) which is within the claimed range of between 1 and 50°C 
superheat in instant claim 27. 

Claim 13 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Flemings et al. (U.S. Pat. No. 6,645,323) in view of Adachi et al. (U.S. Pat. No. 
5,701 ,942) as applied to claim 1 1 , and further in view of the ASM Metals Handbook, 9 th 
edition, Vol. 15, Casting. 
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Flemings et al. discloses a process for superheating an alloy, cooling and mixing 
the alloy to form a nucleated alloy with a plurality of nuclei distributed throughout, 
wherein the nuclei are substantially free of entrapped liquid, controlling the temperature 
to prevent melting of the nuclei and thereby forming an alloy essentially free of dendrites 
as described above regarding claim 1 . Further, Flemings et al. discloses using Ti and 
B as for grain refinement as discussed above regarding claim 1 1 . 

The ASM Metals Handbook, Vol. 15, casting teaches that boron is added to 
aluminum alloys to react with other metals such as aluminum and titanium to form 
borides such as TiB2 to form stable nucleation sites for interaction with active grain- 
refining phases in molten aluminum (p. 744). It would have been obvious to one of 
ordinary skill in the art at the time the invention was made that the Ti and B added to the 
alloy of Flemings et al. in view of Adachi et al. for grain refinement would form borides 
including TiB 2 as taught by the ASM Metals Handbook. 

Claim 17 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Flemings et al. (U.S. Pat. No. 6,645,323) as applied to claim 1 and further in view of 
Moschini (U.S. Pat. No. 5,464,053) and DasGupta (U.S. Pat. No. 6,908,590). 

Flemings et al. discloses a process for superheating an alloy, cooling and mixing 
the alloy to form a nucleated alloy with a plurality of nuclei distributed throughout, 
wherein the nuclei are substantially free of entrapped liquid, controlling the temperature 
to prevent melting of the nuclei and thereby forming an alloy essentially free of dendrites 
as described above regarding claim 1 . Flemings et al. in view of Moschini discloses a 
process for rheocasting ingots by smelting a metal alloy and feeding that alloy under 
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laminar flow conditions through a static mixer to obtain a rheocast material as described 
above regarding claims 5, 6, and 22. 

Flemings et al. in view of Moschini does not disclose recycling the metal alloy 
from the forming process as in instant claim 17. 

DasGupta teaches that an economic advantage of rheocasting over thixocasting 
is that the scrap metal from forming can be recycled in the rheocasting process (col. 2 
lines 4-15). It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to recycle scrap as taught by DasGupta from the forming process 
of Flemings et al. in view of Moschini to the smelting process of Flemings et al. in view 
of Moschini to benefit from the cost savings as taught by DasGupta. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Kathleen A. McNelis whose telephone number is 571 
272 3554. The examiner can normally be reached on M-F 8:00 AM to 4:30 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Roy King can be reached on 571-272-1244. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
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you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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